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3.	
  Results	
  from	
  Lead-­‐Lead	
  (Pb-­‐Pb)	
  Collisions	
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  propor?onal	
  

to	
  the	
  number	
  of	
  par?cipant	
  
nucleons…	
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4.	
  Results	
  from	
  Proton-­‐Lead	
  (p-­‐Pb)	
  Collisions	
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•  Spectra	
  binned	
  in	
  mul,plicity	
  (quan?les	
  of	
  VZERO	
  cross-­‐sec?on)	
  
•  Λ,	
  K0s	
  spectra	
  are	
  harder	
  for	
  large	
  mul?plici?es	
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  same	
  behaviour	
  as	
  Pb-­‐Pb!	
  

•  hints	
  of	
  collec?ve,	
  QGP-­‐like	
  
phenomena	
  present	
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  to	
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  pT	
  
•  Corresponding	
  deple?on	
  at	
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  pT	
  
•  Qualita,vely	
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  of	
  collec?ve,	
  QGP-­‐like	
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  of	
  strange	
  and	
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  par,cles	
  
have	
  been	
  performed	
  in	
  pp,	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  collisions	
  

•  Proton-­‐proton	
  (pp):	
  
Serves	
  as	
  a	
  reference	
  for	
  Pb-­‐Pb	
  (a	
  “hadron	
  gas”)	
  	
  
PYTHIA,	
  a	
  pQCD-­‐inspired	
  model,	
  predicts	
  K0s	
  yields	
  reasonably	
  but	
  fails	
  
for	
  baryons,	
  and	
  more	
  so	
  for	
  higher	
  strangeness	
  content.	
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•  Lead-­‐Lead	
  (Pb-­‐Pb):	
  
Indica?ons	
  of	
  a	
  Quark-­‐Gluon	
  plasma	
  phase	
  shown	
  here:	
  	
  
Λ/K0s:	
  Baryon	
  anomaly	
  –	
  usually	
  a`ributed	
  to	
  parton	
  coalescence	
  
Ξ,	
  Ω:	
  Strangeness	
  enhancement	
  –	
  due	
  to	
  gluon	
  fusion	
  mechanism	
  in	
  QGP	
  
-­‐-­‐-­‐	
  Many	
  more	
  not	
  men?oned…	
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•  Proton-­‐Lead	
  (p-­‐Pb):	
  
At	
  high	
  mul?plici?es,	
  some	
  QGP	
  signatures	
  seem	
  present	
  
In	
  strangeness:	
  Ξ	
  and	
  Ω	
  are	
  under	
  analysis	
  
Other	
  signatures	
  will	
  help	
  in	
  the	
  construc?on	
  of	
  bejer	
  understanding	
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Topological:	
  Use	
  
Track	
  Geometry!	
  

Selec4ons:	
  

Candidate	
  Selec?ons	
  

Energy	
  deposi?on	
  in	
  
the	
  TPC	
  gas	
  (dE/dx)	
  

In	
  pp:	
  Invariant	
  mass	
  rejec,on	
  of	
  
compe,ng	
  V0	
  species	
  
In	
  Pb-­‐Pb:	
  Armenteros-­‐Podolanski	
  
selec,on	
  for	
  K0s	
  

αarm:	
  asymmetry	
  in	
  longitudinal	
  momentum	
  distribu?on	
  
pTarm:	
  total	
  transverse	
  momentum	
  of	
  daughters	
  	
  
(longitudinal	
  and	
  transverse	
  direc,ons	
  with	
  respect	
  to	
  V0)	
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Topological:	
  Use	
  
Track	
  Geometry!	
  

Selec4ons:	
  

Candidate	
  Selec?ons	
  

•  Selec?on	
  for	
  K0s:	
  pTarm	
  >	
  0.2	
  |αarm	
  |	
  	
  
•  Restricts	
  Phase	
  space	
  of	
  daughters	
  
•  Checked:	
  does	
  not	
  introduce	
  false	
  peaks	
  

K0
S 

Λ Λ 

Energy	
  deposi?on	
  in	
  
the	
  TPC	
  gas	
  (dE/dx)	
  

In	
  pp:	
  Invariant	
  mass	
  rejec,on	
  of	
  
compe,ng	
  V0	
  species	
  
In	
  Pb-­‐Pb:	
  Armenteros-­‐Podolanski	
  
selec,on	
  for	
  K0s	
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Secondary	
  Λ:	
  not	
  
coming	
  from	
  
primary	
  vertex	
  

cτ	
  =	
  4.9cm	
  

cτ	
  =	
  8.7cm	
  

cτ	
  =	
  7.9cm	
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cτ	
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  7.9cm	
  
How	
  does	
  the	
  Λ	
  from	
  Ξ	
  enter	
  the	
  analysis?	
  

•  Compute	
  Feeddown	
  Matrix	
  
In	
  what	
  magnitude	
  does	
  it	
  contribute?	
  

•  Use	
  a	
  Ξ	
  measurement	
  as	
  weight	
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Two	
  methods	
  for	
  considering	
  Ξ0	
  tested:	
  
•  Fill	
  Fij	
  with	
  Λ	
  coming	
  from	
  both	
  charged	
  and	
  neutral	
  Ξ	
  
•  Mul?ply	
  charged	
  Ξ	
  feeddown	
  by	
  2	
  	
  	
  

Consistent	
  
Results	
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~10%	
  total	
  removal	
  
for	
  each	
  Ξ	
  species	
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Proton-­‐Proton	
  at	
  7	
  TeV	
  
Mul?plicity:	
  The	
  next	
  step?	
  

May	
  reveal	
  more	
  about	
  
hadrochemistry,	
  produc,on	
  

mechanisms…	
  	
  

Significant	
  overlap	
  between	
  
mul,plicity	
  bins	
  

•  Unfolding	
  needed	
  
•  Work	
  in	
  progress	
  

Interes4ng	
  Physics:	
  	
  
Look	
  at	
  strangeness	
  

produc?on	
  according	
  to	
  
charged	
  par?cle	
  mul?plicity,	
  

Compare	
  to	
  Pb-­‐Pb	
  

Selec4on	
  in:	
  Reconstructed	
  Charged	
  Par?cles	
  at	
  mid-­‐
pseudorapidity,	
  (Nch)reco;	
  desired:	
  true	
  (Nch)simulated	
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Let’s	
  look	
  at	
  the	
  ra?o	
  at	
  a	
  single	
  pT	
  value	
  
and	
  see	
  how	
  it	
  behaves	
  with	
  dNch/dη	
  	
  

Example:	
  2.6	
  –	
  2.8	
  GeV/c	
  
•  At	
  this	
  pT,	
  Λ/K0s	
   increases	
  with	
  charged	
  

par?cle	
  mul?plicity	
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As	
  we	
  look	
  at	
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  momenta,	
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  is	
  observed	
  in	
  p-­‐Pb	
  
and	
  Pb-­‐Pb:	
  similar	
  change	
  in	
  ra4o	
  for	
  a	
  

given	
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  in	
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   increases	
  with	
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Fi�ng	
  the	
  ra?o	
  with	
  a	
  power	
  
law	
  dependent	
  on	
  dNch/dη	
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Λ/K0s	
  at	
  a	
  given	
  pT	
  as	
  func?on	
  of	
  Nch	
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Fi�ng	
  the	
  ra?o	
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  a	
  power	
  
law	
  dependent	
  on	
  dNch/dη	
  	
  

What	
  about	
  proton-­‐
proton	
  collisions	
  as	
  a	
  
func?on	
  of	
  dNch/dη	
  ?	
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Mul?plicity	
  Scaling:	
  	
  
…also	
  with	
  proton-­‐proton	
  data!	
  

30	
  D.D.	
  Chinellato	
  –	
  XXV	
  Re?nha	
  –	
  05	
  /	
  02	
  /	
  2014	
  

d/dchNd
10 210 310 410

S0
 / 

K
R

-110

1

 = 7 TeVspp 
 = 5.02 TeVNNsp-Pb 

 = 2.76 TeVNNsPb-Pb 
By = A x

 (1x)c < 1.00 GeV/
T
p0.80 < 

 (1x)c < 2.30 GeV/
T
p2.00 < 

 (2x)c < 2.90 GeV/
T
p2.60 < 

 (1x)c < 1.00 GeV/
T
p0.90 < 

 (1x)c < 2.20 GeV/
T
p2.00 < 

 (2x)c < 2.80 GeV/
T
p2.60 < 

ALI−DER−58089

•  Proton-­‐proton	
   systems	
   exhibit	
   the	
   same	
   power	
   laws	
   for	
   the	
   ra?o	
   as	
   a	
  
func?on	
  of	
  dNch/dη	
  

•  Caveat:	
  Λ/K0s	
  ra?o	
  in	
  pp	
  collisions	
  may	
  be	
  par?cularly	
  sensi?ve	
  to	
  selec?on	
  
biases,	
  since	
  dNch/dη	
  measured	
  at	
  mid-­‐rapidity	
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Progression	
  of	
  the	
  average	
  transverse	
  momentum	
  with	
  
mul?plicity	
  in	
  different	
  systems	
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